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COMPRESSION OF BI-LEVEL IMAGES 
WITH EXPLICIT REPRESENTATION OF 

INK CLUSTERS 

TECHNICAL FIELD 

The present invention relates generally to digital picture 
processing, and more particularly to a system and method 
facilitating compression of bi-level images With explicit 
representation of ink clusters. 

BACKGROUND OF THE INVENTION 

The amount of information available via computers has 
dramatically increased With the Wide spread proliferation of 
computer networks, the Internet and digital storage means. 
With such increased amount of information has come the 
need to transmit information quickly and to store the infor 
mation ef?ciently. Data compression is a technology that 
facilitates the effective transmitting and storing of informa 
tion 

Data compression reduces an amount of space necessary 
to represent information, and can be used for many infor 
mation types. The demand for compression of digital infor 
mation, including images, text, audio and video has been 
ever increasing. Typically, data compression is used With 
standard computer systems; hoWever, other technologies 
make use of data compression, such as but not limited to 
digital and satellite television as Well as cellular/digital 
phones. 
As the demand for handling, transmitting and processing 

large amounts of information increases, the demand for 
compression of such data increases as Well. Although stor 
age device capacity has increased signi?cantly, the demand 
for information has outpaced capacity advancements. For 
example, an uncompressed digital picture can require 5 
megabytes of space Whereas the same picture can be com 
pressed Without loss and require only 2.5 megabytes of 
space. Thus, data compression facilitates transferring larger 
amounts of information. Even With the increase of trans 
mission rates, such as broadband, DSL, cable modem Inter 
net and the like, transmission limits are easily reached With 
uncompressed information. For example, transmission of an 
uncompressed image over a DSL line can take ten minutes. 
HoWever, the same image can be transmitted in about one 
minute When compressed thus providing a ten-fold gain in 
data throughput. 

In general, there are tWo types of compression, lossless 
and lossy. Lossless compression alloWs exact original data to 
be recovered after compression, While lossy compression 
alloWs for data recovered after compression to differ from 
the original data. A tradeolf exists betWeen the tWo com 
pression modes in that lossy compression provides for a 
better compression ratio than lossless compression because 
some degree of data integrity compromise is tolerated. 
Lossless compression may be used, for example, When 
compressing critical text, because failure to reconstruct 
exactly the data can dramatically affect quality and read 
ability of the text. Lossy compression can be used With 
pictures or non-critical text Where a certain amount of 
distortion or noise is either acceptable or imperceptible to 
human senses. 

Bi-level images are quite common in digital document 
processing, because they offer the potential for a compact 
representation of black-and-White documents containing 
texts and draWings. In such images, their picture elements 
(pixels) can be seen as coming from a binary source (e.g., 
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2 
White:“0” and black:“l”). Since they usually contain a lot 
of White space and repeated ink patterns, one basic approach 
to ef?ciently encode such images is to scan them in raster 
order, e.g., from top to bottom and left to right, and encode 
each pixel via adaptive arithmetic coding (AC), Whose state 
(or probability table) is controlled by a context formed by 
the values of the pixels in a small template enclosing 
previously encoded pixels. That idea is the basis of most 
modern bi-level image compression systems. 

Facsimile images are usually transmitted using the old 
CCITT standards T4 and T6, Which are usually referred to 
as Group 3 and Group 4 respectively. G3 usually encodes 
images With a modi?ed Huffman (MH) code (i.e., Huffman 
coding on runs of black or White pixels), and G4 uses 
“modi?ed modi?ed read” (MMR) coding. MH and MMR 
are not as ef?cient as context-adaptive AC, but are simpler 
to implement. Over time, G3 and G4 evolved to include 
encoding via JBIG (joint bi-level image group, also knoWn 
as recommendation T82). JBIG uses the context-adaptive 
AC, With adaptive templates and the ef?cient QM binary 
arithmetic encoder. The JBIG-2 standard extends JBIG by 
including pattern matching for text and halftone data, as Well 
as soft pattern matching (SPM) for lossy encoding. The JB2 
encoder is also based on SPM, but uses the Z-coder for 
binary encoding. JBIG, JBIG-2 and JB2 can provide a 
signi?cant improvement in compression performance over 
G4. 

SUMMARY OF THE INVENTION 

The folloWing presents a simpli?ed summary of the 
invention in order to provide a basic understanding of some 
aspects of the invention. This summary is not an extensive 
overvieW of the invention. It is not intended to identify 
key/critical elements of the invention or to delineate the 
scope of the invention. Its sole purpose is to present some 
concepts of the invention in a simpli?ed form as a prelude 
to the more detailed description that is presented later. 
The present invention provides for a bi-level encoding 

system that extends current bi-level coding technology by 
making the prior assumption that a bitmap corresponds to a 
scanned document, Which is likely to contain signi?cant 
amounts of text. A scanned document can include bitmap 
patterns for character(s) corresponding to cluster(s) of black 
pixels. For purposes of discussion it is assumed that the 
background of the document is substantially White and the 
text is substantially black. HoWever, any suitable bi-level 
color presentation for employment in connection With the 
present invention is intended to fall Within the scope of the 
appended claims. 
The bi-level encoding system scans a bitmap (e.g., from 

left to right and from top to bottom). The ?rst time a cluster 
of ink is found, it is added to a dictionary of clusters. Then, 
instead of encoding the pixels for that cluster, a pointer P to 
the dictionary and the {XX} positional coordinates to Where 
the cluster appears on the page is encoded. Next time the 
same cluster or a cluster that is close enough is found in the 
bitmap, We encode again not the pixels, but just the {RXX} 
coordinates. If the cluster contains enough pixels, it is more 
ef?cient to encode the {RXX} coordinates than to encode 
the pixels With a lossless encoder such as the bi-level codec 
(BLC), described in copending US. patent application Ser. 
No. 11/297,629 entitled ADAPTIVE ENCODING AND 
DECODING OF BI-LEVEL IMAGES. The compression 
gain is higher for multi-page documents, because the cluster 
dictionary can be shared among all pages, so the overhead 
of encoding the dictionary itself becomes negligible. 
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The bi-level coding system can operate in lossless mode 
or lossy mode. In lossless mode, if a cluster in the bitmap is 
Within a ?rst threshold amount of a cluster in the dictionary, 
the {RXX} data is sent as Well as a “clustering residual”i 
the small di?ference(s) betWeen the actual cluster and that in 
the dictionary. The clustering residual can be encoded using 
a lossless bi-level encoder. In lossy mode, if a cluster in the 
bitmap is Within a second threshold amount of a cluster in 
the dictionary, the triplet {P,X,Y} is encoded; hoWever, the 
clustering residual is not encoded. 

The bi-level encoding system of the present invention can 
result in ?les that are, for example, signi?cantly smaller than 
those generated by conventional scanners (e.g., CCITT G4). 
Thus, the bi-level encoding system can have signi?cant 
impact on document transmittal and/ or storage 
application(s), for example, digital libraries and digital 
document databases. 

In accordance With an aspect of the present invention, the 
bi-level encoding system can include a cluster shape esti 
mator, a bitmap estimation from clusters component, a 
cluster position estimator, a ?rst encoder, a second encoder, 
a third encoder, and a fourth encoder. The cluster shape 
estimator analyzes connected component information (e.g., 
color, horizontal size, vertical size, horizontal position and/ 
or vertical position) associated With a bitmap. The cluster 
shape estimator extracts clusters and stores them into at least 
one of a global dictionary of shapes, a page dictionary of 
shapes and a store of unclustered shapes. 

In lossy mode, the cluster shape estimator can determine 
Whether a cluster is Within the second threshold amount of 
a cluster in the global dictionary. In one example, if the 
cluster is Within the second threshold amount, the presence 
of the cluster on the page is noted. In another example, if the 
cluster is Within the second threshold amount, the present of 
the cluster on the page is noted and the cluster stored in the 
global dictionary is modi?ed based, at least in part, upon the 
cluster. For example, the cluster shape estimator can perform 
a Weighted average of the cluster stored in the global 
dictionary and the cluster resulting in a modi?ed cluster 
stored in the global dictionary. This can result in clearer text 
in a decoded bitmap When compared With the original 
bitmap. In yet another example, the ?rst threshold (e.g., 
employed With regard to lossless mode) and the second 
threshold (e.g., employed With regard to lossy mode) have 
about the same value. 

The global dictionary of shapes includes global clusters. 
Global clusters are clusters that occur more than once on the 

current bitmap (e.g., page) and/or Were previously processed 
as part of the same document. 

The page dictionary of shapes comprises page-level clus 
ter(s)4cluster(s) that Were found once on the current bitmap 
(e.g., page). For example, once the cluster shape estimator 
has substantially completed analysis of the current bitmap 
(e.g., page), a portion of the page dictionary of shapes 
comprising cluster(s) Which Were found only once on the 
current bitmap (e.g., page) can be sent (e.g., included in an 
encoded ?le). The indices (e.g., pointers) into the page 
dictionary do not have to be encoded because the page 
dictionary is ordered by cluster appearance on the page and 
page-level clusters, by de?nition, only occur once on the 
page. 

The page dictionary of shapes can store clusters Which 
occurred only once of previous bitmaps (e.g., pages), such 
that if a second occurrence of a substantially similar cluster 
is found on a later bitmap, the cluster can be stored in the 
global dictionary and removed from the page dictionary. The 
store of unclustered shapes stores connected component(s) 
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4 
that are either too small (e. g., smaller than a third threshold) 
or large (e.g., larger than a fourth threshold) to be text 
characters and therefore do not cluster Well. 
The bitmap estimation from clusters component deter 

mines dictionary positions for clusters stored in the global 
dictionary. The bitmap estimation from clusters component 
can utilize information (e.g., pointers) from the cluster shape 
estimator. The pointers are then encoded by the second 
encoder. Because the clusters have been sorted by position 
on the page, the indices (e.g., pointers) tend to form a text 
string-like order and, in one example, the second encoder 
can employ a compression algorithm suitable for text strings 
(e.g., LZX encoding). 

In lossless mode, the bitmap estimation from clusters 
component can determine clustering residual(s). The bitmap 
estimation from clusters component can provide the infor 
mation to the fourth encoder, to be encoded With the store of 
unclustered shapes (e.g., utilizing lossless bi-level encod 
ing). 
The cluster position estimator determines page positions 

of clusters of the global dictionary and/or the page dictio 
nary utilizing the connected component information. Thus, 
for a cluster in the global dictionary and/or the page dictio 
nary, its position on a page is determined utilizing the 
connected component information and the properties from a 
dictionary entry from either the global dictionary or the page 
dictionary. The page positions are then encoded by the ?rst 
encoder. 

In one example, the horizontal (x-direction) gap betWeen 
clusters on a line is encoded since clusters to be regularly 
spaced, particularly Within Words. Additionally, for a line, an 
average horizontal gap can be calculated and encoded, With 
gap information thereafter being based on the difference 
betWeen the average horizontal gap and the actual horizontal 
gap. 

In another example, an average vertical (y-direction) 
value is calculated. The average vertical value for a line is 
encoded and thereafter for a cluster, the difference betWeen 
the cluster’s vertical value and the average vertical value is 
encoded. The bottom edge of the cluster’s bounding box can 
be utilized as more letters in the Roman alphabet are aligned 
along the bottom edge than the top. As a result, the differ 
ence betWeen a given cluster and the average tends to be 
small. Since the ?rst encoder encodes on a line-by-line basis, 
the ?rst horizontal value (x direction) and the average 
Y-value per line can be encoded. 
The ?rst encoder encodes page positions received from 

the cluster position estimator. For example, the ?rst encoder 
can utilize bit-plane encoding. The second encoder encodes 
the dictionary positions received from the bitmap estimation 
from clusters component (e.g., LZX encoding). 
The third encoder encodes the bitmap patterns in the page 

dictionary and/or the global dictionary and can utilize loss 
less bi-level bitmap encoding. The fourth encoder encodes 
the store of unclustered shapes and can utilize lossless 
bi-level bitmap encoding. 

There has been an increased emphasis placed on the 
“paperless of?ce” Which typically means converting docu 
ments from paper to electronic form. Converted documents 
utilizing conventional technology, While enabling a user to 
scan, store and/ or manipulate electronic documents, has 
resulting in large ?les. For example, With many scanners, it 
is easy to generate 1 megabyte of data for 20 scanned pages 
or so. It becomes dif?cult for the user to send scanned 
documents via e-mail for example, Where the resulting large 
?les can be a problem. HoWever, a scanner utilizing the 
system and/or method of the present invention can reduce 
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the storage requirement, for example, to as little as 1 
megabyte per 200 scanned pages, so that a 50-page legal 
document, for example, Would produce a “.blc” ?le of just 
250 kilobytes, Which can be quickly transmitted via e-mail. 

Further, on a clean document, the gain of the system 
and/ or method of the present invention over the common G4 
format can be, for example, a factor of ten. On noisy 
documents, the compression gain over G4 can be a factor of 
?ve, or a factor of three in the limit of a very short document 
(a single page). 

Another aspect of the present invention provides for the 
bi-level encoding system to further include a clustering 
system and/or an activity detection system. 
The clustering system identi?es information associated 

With a plurality of clusters (e.g., connected components). For 
example, the information can include Width (e.g., x siZe), 
height (e.g., y siZe), color, horizontal position (e.g., absolute 
and/ or relative) and/or vertical position (e.g., absolute and/or 
relative) of the plurality of clusters (e.g., connected compo 
nents). 

The activity detection system receives a bi-level image 
input. For example, bi-level image input can be a binary 
mask received from a mask separator component (not 
shoWn) or a scanned image (e.g., from a document scanner 
and/or a facsimile machine). The activity detection system 
analyZes the bi-level image for dithering/half toning and/or 
noise. The activity detection system provides a bi-level 
image output based on the bi-level image input; hoWever, 
With reduced dithering/half toning and/or noise. 

Bi-level image(s) based on document image(s) having 
dithering/half toning typically have a signi?cant quantity of 
connected component(s) in and/or intersecting the region. 
Additionally, bi-level image(s) having noise typically have 
feW connected component(s) in and/or intersecting the 
region. Thus, by determining the quantity of connected 
component(s) in and/or intersecting the region, the activity 
detection system can detect areas in Which dithering/half 
toning and/or noise is likely present. 

In addition to detecting dithering as discussed above, the 
activity detection system can further be adapted to detect 
noise in the bi-level image input. “Noise” refers to extrane 
ous information (e.g., mark(s)) deletion of Which Will not 
substantially compromise integrity of the bi-level image. 
Removal of noise in the bi-level image input can lead to 
improved data compression resulting from a smoother 
image. A region of a bi-level image having noise Would 
typically exhibit relatively little connectivity. For example, 
a region comprising solely a connected stray mark on a 
White background Would have one connected component. 

Yet another aspect of the present invention provides for a 
selectable bi-level encoding system having a bi-level encod 
ing system, a lossless bi-level encoder and a selection 
component. 

The lossless bi-level encoder can employ lossless bi-level 
encoding technique(s). The selection component alloWs for 
a selection betWeen lossless bi-level encoding, utiliZing the 
lossless bi-level encoder, and the bi-level encoding system 
(e.g., employing clusters (lossless or lossy)). Selection can 
be based, for example, upon a user preference and/or by a 
clustering system Within the bi-level encoding system. 

Another aspect of the present invention provides for a 
bi-level decoding system having a ?rst decoder, a second 
decoder, a third decoder, a fourth decoder, a cluster genera 
tor and a combiner. 

The ?rst decoder decodes at least part of a bit stream input 
(e.g., produced by a corresponding encoder) and provides 
page position(s) of cluster(s). The second decoder decodes at 
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6 
least part of a bit stream input (e.g., produced by a corre 
sponding encoder) and provides decoded dictionary posi 
tions. The third decoder decodes at least part of a bit stream 
input (e.g., produced by a corresponding encoder) and 
provides a decoded global dictionary of shapes and/or a 
decoded page dictionary of shapes. The fourth decoder 
decodes at least part of a bit stream input (e.g., produced by 
a corresponding encoder) and provides a store of unclustered 
shapes. 
The cluster generator generates clusters based, at least in 

part, upon the page positions, dictionary positions and at 
least one of the global dictionary and page dictionary. The 
combiner provides a bi-level output based, at least in part, 
upon the clusters generated by the cluster generator and/or 
the store of unclustered shape(s). 

Another aspect of the present invention provides for the 
bi-level encoding system to be employed in a vast array of 
document image applications, including, but not limited to, 
tablet person computers, segmented layered image systems, 
photocopiers, document scanners, optical character recog 
nition systems, personal digital assistants, fax machines, 
digital cameras, digital video cameras and/or video games. 

Other aspects of the present invention provide methods 
for performing bi-level encoding, cluster analysis and bi 
level decoding. Further provided are a computer readable 
medium having computer usable instructions for a system 
for bi-level encoding and a computer readable medium 
having computer usable instructions for a system for bi-level 
decoding. Also provided is a data packet adapted to be 
transmitted betWeen tWo or more computer components that 
facilitates bi-level encoding comprising a ?rst data ?eld 
comprising encoded page positions, a second data ?eld 
comprising encoded dictionary positions, a third data ?eld 
comprising at least one of an encoded global dictionary and 
an encoded page dictionary; and, a fourth data ?eld com 
prising encoded store of unclustered shapes. 

To the accomplishment of the foregoing and related ends, 
certain illustrative aspects of the invention are described 
herein in connection With the folloWing description and the 
annexed draWings. These aspects are indicative, hoWever, of 
but a feW of the various Ways in Which the principles of the 
invention may be employed and the present invention is 
intended to include all such aspects and their equivalents. 
Other advantages and novel features of the invention may 
become apparent from the folloWing detailed description of 
the invention When considered in conjunction With the 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a bi-level encoding system 
in accordance With an aspect of the present invention. 

FIG. 2 is a diagram illustrating 4-connectivity property. 
FIG. 3 is a diagram illustrating 8-connectivity property. 
FIG. 4 is an exemplary connected component bounding 

box in accordance With an aspect of the present invention. 
FIG. 5 is an exemplary global dictionary data structure in 

accordance With an aspect of the present invention. 

FIG. 6 is a block diagram of a bi-level encoding system 
in accordance With an aspect of the present invention. 

FIG. 7 is a block diagram of a selectable bi-level encoding 
system in accordance With an aspect of the present inven 
tion. 

FIG. 8 is a block diagram of a bi-level decoding system 
in accordance With an aspect of the present invention. 
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FIG. 9 is a How chart illustrating a methodology for 
performing bi-level encoding in accordance With an aspect 
of the present invention. 

FIG. 10 is a How chart illustrating a methodology for 
performing bi-level encoding in accordance With an aspect 
of the present invention. 

FIG. 11 is a How chart further illustrating the methodol 
ogy of FIG. 10. 

FIG. 12 is a How chart illustrating a methodology for 
performing cluster analysis in accordance With an aspect of 
the present invention. 

FIG. 13 is a How chart further illustrating the methodol 
ogy of FIG. 12. 

FIG. 14 is a How chart illustrating a methodology for 
performing bi-level decoding in accordance With an aspect 
of the present invention. 

FIG. 15 illustrates an example operating environment in 
Which the present invention may function. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is noW described With reference to 
the draWings, Wherein like reference numerals are used to 
refer to like elements throughout. In the folloWing descrip 
tion, for purposes of explanation, numerous speci?c details 
are set forth in order to provide a thorough understanding of 
the present invention. It may be evident, hoWever, that the 
present invention may be practiced Without these speci?c 
details. In other instances, Well-knoWn structures and 
devices are shoWn in block diagram form in order to 
facilitate describing the present invention. 
As used in this application, the term “computer compo 

nent” is intended to refer to a computer-related entity, either 
hardWare, a combination of hardWare and softWare, soft 
Ware, or softWare in execution. For example, a computer 
component may be, but is not limited to being, a process 
running on a processor, a processor, an object, an executable, 
a thread of execution, a program, and/ or a computer. By Way 
of illustration, both an application running on a server and 
the server can be a computer component. One or more 
computer components may reside Within a process and/or 
thread of execution and a component may be localized on 
one computer and/or distributed betWeen tWo or more com 

puters. 
Referring to FIG. 1, a bi-level encoding system 100 in 

accordance With an aspect of the present invention is illus 
trated. The bi-level encoding system 100 includes a cluster 
shape estimator 110, a bitmap estimation from clusters 
component 120, a cluster position estimator 130, a ?rst 
encoder 140, a second encoder 150, a third encoder 160 and 
a fourth encoder 170. 

The bi-level encoding system 100 extends current bi-level 
coding technology by making the prior assumption that a 
bitmap corresponds to a scanned document, Which is likely 
to contain signi?cant amounts of text. A scanned document 
can include bitmap patterns for character(s) corresponding 
to cluster(s) of black pixels. For purposes of discussion it is 
assumed that the background of the document is substan 
tially White and the text is substantially black. HoWever, any 
suitable bi-level color presentation for employment in con 
nection With the present invention is intended to fall Within 
the scope of the appended claims. 

The bi-level encoding system 100 scans a bitmap (e.g., 
from left to right and from top to bottom). The ?rst time a 
cluster of ink is found, it is added to a dictionary of clusters. 
Then, instead of encoding the pixels for that cluster, a 
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8 
pointer P to the dictionary and the {XX} positional coor 
dinates to Where the cluster appears on the page is encoded. 
Next time the same cluster or a cluster that is close enough 
is found in the bitmap, We encode again not the pixels, but 
just the {P,X,Y} coordinates. If the cluster contains enough 
pixels, it is more ef?cient to encode the {RXX} coordinates 
than to encode the pixels With the lossless BLC. The 
compression gain is higher for multi-page documents, 
because the cluster dictionary can be shared among all 
pages, so the overhead of encoding the dictionary itself 
becomes negligible. 
The bi-level coding system 100 can operate in lossless 

mode or lossy mode. In lossless mode, if a cluster in the 
bitmap is Within a ?rst threshold amount of a cluster in the 
dictionary, the {P,X,Y} data is sent as Well as a “clustering 
residual”ithe small di?‘erence(s) betWeen the actual cluster 
and that in the dictionary. The clustering residual can be 
encoded using a lossless bi-level encoder. In lossy mode, if 
a cluster in the bitmap is Within a second threshold amount 
of a cluster in the dictionary, the triplet {P,X,Y} is encoded; 
hoWever, the clustering residual is not encoded. 
The bi-level encoding system 100 of the present invention 

can result in ?les that are, for example, signi?cantly smaller 
than those generated by conventional scanners (e.g., CCITT 
G4). Thus, the bi-level encoding system 100 can have 
signi?cant impact on document transmittal and/or storage 
application(s), for example, digital libraries and digital 
document databases. 
The cluster shape estimator 110 analyzes connected com 

ponent information associated With a bitmap. For example, 
the connected component information can include color, 
horizontal size, vertical size, horizontal position and/or 
vertical position of the connected components. The cluster 
shape estimator 110 extracts clusters and stores them into at 
least one of a global dictionary of shapes 172, a page 
dictionary of shapes 174 and a store of unclustered shapes 
176. 

Referring brie?y to FIG. 2, a diagram 200 depicting the 
4-connectivity property is illustrated. The 4-connectivity 
property only identi?es connected pixels in four primary 
compass directions. FIG. 2 illustrates the 4-connectivity 
property by shoWing a pixel surrounded by 4 pixels in the 
four primary compass directions. Turning next to FIG. 3, a 
diagram 300 depicting the 8-connectivity property is illus 
trated. FIG. 3 illustrates the 8-connectivity property by 
shoWing a pixel surrounded by 8 pixels in the eight principal 
directions. Connected components can include text as Well 
as non-textual marks. It is to be appreciated that the systems 
and methods of the present invention can employ connected 
components having any suitable degree of connectivity and 
is not limited to connected components of 4-connectivity or 
8-connectivity. 

Turning brie?y to FIG. 4, an exemplary connected com 
ponent bounding box 400 in accordance With an aspect of 
the present invention is illustrated. The bounding box 400 
generally comprises a rectangle encompassing a connected 
component having an x size (Width) and a y size (height). 

Referring back to FIG. 1, in lossy mode, the cluster shape 
estimator 110 can determine Whether a cluster shape is 
Within the second threshold amount of a cluster in the global 
dictionary 172. In an exemplary implementation, shape 
proximity is determined by aligning the candidate shape 
With the dictionary shape, and then counting the fraction of 
pixels in the candidate shape Whose value (black or White) 
differ from the pixels in the dictionary shape. In one 
example, if the cluster is Within the second threshold 
amount, the presence of the cluster on the page is noted. In 
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another example, if the cluster is Within the second threshold 
amount, the present of the cluster on the page is noted and 
the cluster stored in the global dictionary 172 is modi?ed 
based, at least in part, upon the cluster. For example, the 
cluster shape estimator 110 can perform a Weighted average 
of the cluster stored in the global dictionary 172 and the 
cluster resulting in a modi?ed cluster stored in the global 
dictionary 172. This can result in clearer text in a decoded 
bitmap When compared With the original bitmap. 

The global dictionary of shapes 172 includes global 
clusters. Global clusters are clusters that occur more than 

once on the current bitmap (e.g., page) and/or Were previ 
ously processed as part of the same document. Referring 
brie?y to FIG. 5, an exemplary global dictionary data 
structure 500 in accordance With an aspect of the present 
invention is illustrated. The global dictionary data structure 
500 has a ?rst ?eld 510 storing an index into the data 
structure 500, a second ?eld 520 storing a Width (e.g., x 
size), a third ?eld 530 storing a height (e.g., y size) and a 
fourth ?eld 540 storing a bitmap of the global cluster. For 
example, the x size can be the maximum Width of the 
connected component and the y size can be the maximum 
height of the connected component. The data structure 500 
can comprise a plurality of global cluster entries 550. 

The data structure 500 is merely exemplary and it is to be 
appreciated that numerous other structures are contemplated 
that provide for organizing and/or storing a plurality of data 
types conducive to facilitating bi-level encoding in connec 
tion With the subject invention. Any such data structure 
suitable for employment in connection With the present 
invention is intended to fall Within the scope of the appended 
claims. Such data structures can be stored in computer 
readable media including, but not limited to, memories, 
disks and carrier Waves. 

Referring back to FIG. 1, the page dictionary of shapes 
174 comprises page-level cluster(s)4cluster(s) that Were 
found once on the current bitmap (e.g., page). For example, 
once the cluster shape estimator 110 has substantially com 
pleted analysis of the current bitmap (e.g., page), a portion 
of the page dictionary of shapes 174 comprising cluster(s) 
Which Were found only once on the current bitmap (e.g., 
page) can be sent (e.g., included in an encoded ?le). The 
indices (e.g., pointers) into the page dictionary 174 do not 
have to be encoded because the page dictionary 174 is 
ordered by cluster appearance on the page and page-level 
clusters, by de?nition, only occur once on the page. 

In one example, each page has its oWn page dictionary 
174 Which is encoded after a page has been processed. 
Accordingly, entries in a previous page dictionary 174 are 
never removed. Once a page has been processed, its page 
dictionary 174 is encoded and can never be modi?ed. 

The page dictionary of shapes 174 can store clusters 
Which occurred only once of previous bitmaps (e.g., pages), 
such that if a second occurrence of a substantially similar 
cluster is found on a later bitmap, the cluster can be stored 
in the global dictionary 172 and removed from the page 
dictionary 174. The store of unclustered shapes 176 stores 
connected component(s) that are either too small (e.g., 
smaller than a third threshold) or large (e.g., larger than a 
fourth threshold) to be text characters and therefore do not 
cluster Well. 

Thus, the cluster shape estimator 110 extracts clusters and 
stores the clusters into at least one of the global dictionary 
of shapes 172, the page dictionary of shapes 174 and the 
store of unclustered shapes 176. The cluster shape estimator 
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10 
110 can provide information (e.g., pointers into the global 
dictionary of shapes 172) to the bitmap estimation from 
clusters component 120. 
The bitmap estimation from clusters component 120 

determines dictionary pointers for clusters stored in the 
global dictionary. The bitmap estimation from clusters com 
ponent 120 can utilize information (e.g., pointers) from the 
cluster shape estimator 110, in addition to cluster dictionary 
information. The pointers are then encoded by the second 
encoder 150. Because the clusters tend to capture the char 
acters of text, the indices (e.g., pointers) tend to form a 
string-like order mapping closely to the text strings in the 
document. Thus, in one example, the second encoder 150 
can employ a compression algorithm suitable for text 
strings. For example, the second encoder 150 can utilize 
LZX encoding. 

In lossless mode, the bitmap estimation from clusters 
component 120 can determine clustering residual(s). The 
bitmap estimation from clusters component 120 can provide 
the information to the fourth encoder 170, to be encoded 
With the store of unclustered shapes 176 (e.g., utilizing 
lossless bi-level encoding). The cluster position estimator 
130 determines page positions of clusters of the global 
dictionary 172 and/or the page dictionary 174 utilizing the 
connected component information. Thus, for a cluster in the 
global dictionary 172 and/or the page dictionary 174, its 
position on a page is determined utilizing the connected 
component information and the properties from a dictionary 
entry from either the global dictionary 172 or the page 
dictionary 174. The page positions are then encoded by the 
?rst encoder 140. Because the clusters have been sorted by 
position on the page, the page positions tend to increase 
monotonically. So, in an exemplary implementation the ?rst 
encoder 140 encodes positions by computing position dif 
ferences {e.g. Xcurrent-Xprevious and Ycurrent-Yprevi 
ous}, and encoding such differences With an entropy encoder 
suitable for integers that are more likely to assume small 
values, such as a bit-plane encoder as described in copend 
ing US. patent application entitled Lossless Adaptive 
Encoding of Finite Alphabet Data, having client docket No. 
MS127658.1. 

In one example, the horizontal (x-direction) gap betWeen 
clusters on a line is encoded since clusters to be regularly 
spaced, particularly Within Words. Additionally, for a line, an 
average horizontal gap can be calculated and encoded, With 
gap information thereafter being based on the difference 
betWeen the average horizontal gap and the actual horizontal 
gap. 

In another example, an average vertical (y-direction) 
value is calculated. The average vertical value for a line is 
encoded and thereafter for a cluster, the difference betWeen 
the cluster’s vertical value and the average vertical value is 
encoded. The bottom edge of the cluster’s bounding box can 
be utilized as more letters in the Roman alphabet are aligned 
along the bottom edge than the top. As a result, the differ 
ence betWeen a given cluster and the average tends to be 
small. Since the ?rst encoder 140 encodes on a line-by-line 
basis, the ?rst horizontal value (x direction) and the average 
Y-value per line can be encoded. 

The ?rst encoder 140 encodes page positions received 
from the cluster position estimator 130. For example, the 
?rst encoder 140 can utilize bit-plane encoding. The second 
encoder 150 encodes the dictionary positions received from 
the bitmap estimation from clusters component 120 (e.g., 
LZX encoding). 
The third encoder 160 encodes the bitmap patterns in the 

page dictionary and/or the global dictionary and can utilize 














